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FORMED CALCIUM SILICATE PLATE AND PROCESS FOR ITS PRODUCTION.

@ A formed calcium silicate plate which contains secondary
particles of calcium silicate crystals, a fibrous substance, and a
polymer and an agglomerating agent both adsorbed on the
surface of the secondary particles, and in which a plurality of
thin sheets having a thickness of 2 mm or less formed by the
secondary particles linked to each other directly or via the po-
lymer adsorbed thereon are laminated one over the other, with
the thin laminated sheets being firmly linked to each other by
the secondary particles of calcium silicate crystals and the po-
lymer on the surface thereof to form an integrated body.
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SPECIFICATION

MOLDED BOARDS OF CALCIUM SILICATE
AND PROCESS FOR PRODUCING THE SAME

Field of the Invention

The present invention relates to molded boards
of calcium silicate, and a process for producing the same,
and more particularly to molded boards of calcium silicate
containing a polymer and a process for producing the same.

Background Art

Molded bcards of calcium silicate are widely
used as building materials, structure materials or the
like because these boards are lightweight and outstanding
in incombustibility, heat resistance, etc. However, the
calcium silicate molded boards as compared with wood are
not fully satisfactory in mechanical strength and are low
in water resistance. Further these molded boards have the
drawbacks of being poor in workability such as suitability
for being cut, machinability, nailability, nail-retaining
ability and properties of permitting carving and modeling
such as suitability for being grooved, and thus
unavoidably have a limited use.

In recent years, it has been proposed to
incorporate a vinyl-type polymer, natural or synthetic

rubber or like polymer into molded boards of calcium
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silicate in order to eliminate the foregoing drawbacks of
the boards (e.g. Japanese Unexamined Patent Publications
Nos. 15516/1977; 160428/1979; 264355/85; and
123053/1987). These publications specifically disclose
calcium silicate molded boards having a single-layer
structure in which the secondary particles of calcium
silicate crystals are interconnected with one another
directly and via the polymer.

Such molded boards are given enhanced mechanical
strength and improved water resistance and workability due
to the presence of the resin. Yet the mechanical étrength
of the boards remains unsatisfactory. With an increase of
specific gravity, a calcium silicate molded product is
given enhanced strength in proportion but is deprived of
lightweight property among the characteristics of calcium
silicate molded product. While the strength of calcium
silicate molded product can be improved by using an
increased amount of resin, the increase of resin content
lowers the incombustibility and heat resistance of the
molded product, leading to loss of characteristics of
calcium silicate molded product. Because of the single-
layer structure, said molded product has high density in
the surface portion but low density in the interior,
namely irregular density as a whole, so that when exposed

to high temperatures as in a fire, the molded product is
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likely to shrink, deform, warp and crack. Although with
an improved workability, such molded product tends to chip
off at the cut end during cutting or machining operation
and to remain insufficient in nail-retaining ability and
carving and modeling properties such as suitability for
being grooved.

Disclosure of the Invention

According to the present invention, there are
provided molded boards of calcium silicate which, while
retaining the characteristics of calcium silicate molded
boards such as lightweight characteristic,
incombustibility and heat resistance, are significantly
improved in mechanical strength, water resistance and
workability in which conventional calcium silicate molded
boards have been defective, and a process for producing
the same.

The present invention provides molded boards of
calcium silicate which are far greater in mechanical
strength than conventional calcium silicate molded boards
of single-layer structure and a process for producing the
same.

The present invention also provides molded
boards of calcium silicate which are outstanding in
workability such as suitability for being cut,

machinability, nail-retaining ability, carving and
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modeling properties, etc. and a process for producing the
same.

The present invention further provides molded
boards of calcium silicate which are unlikely to deform,
warp or crack on exposure to high temperatures as in a
fire, and a process for producing the same.

The molded boards of this invention is
characterized in that the board is a laminate of a
plurality of thin sheets, each of the thin sheets having a
thickness of 2 mm or less and comprising secondary
particles of calcium silicate crystals, a fibrous
material, a polymer and a coagulant, the polymer and the
coagulant being adsorbed on the surface of secondary
particles; that the secondary particles are interconnected
with one another directly and via the polymer adsorbed on
the secondary particles; and that the laminated thin
sheets are firmly united with one another into an integral
board by the secondary particles of calcium silicate
crystals and the polymer present on the surface of the
sheets.

Our research revealed the following. 1In the
molded board of calcium silicate according to the
invention, the polymer and the coagulant are adsorbed and
retained on the surface of secondary particles of calcium

silicate crystals, the secondary particles are
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interconnected with one another directly and via the
polymer to form thin sheets, and the plurality of thin
sheets as laminated are firmly united with one another
into an integral body by the secondary particles and the
polymer on the surface of sheets. With this structure,
the molded boards of the invention exhibit mechanical
strength much greater than conventional polymer-containing
calcium silicate molded boards while retaining the
lightweight property, incombustibility and heat
resistance, i.e. characteristics of calcium silicate
molded boards, and are outstanding also in heat
resistance, water resistance and workability such as
suitability for being cut, machinabiliﬁy, nail-retaining
ability, carving and modeling properties, etc. Utilizing
these advantages, the molded boards of the invention can
be widely used not only for applications as synthetic wood
for which known calcium silicate molded boards have been
used, but also even for applications for which wood has
been conventionally employed. Thus the molded boards of
the invention are significantly useful. Since the molded
boards of the invention are composed of integrally
laminated thin sheets each having a thickness of 2 mm or
less, the boards are pronouncedly homogeneous throughout
its interior as well as at its surface, so that the

surface thereof is equal in density to the interior
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thereof, or the latter is higher in density than the
former. With this feature, the boards are unlikely to
shrink, deform, warp or crack on exposure to high
temperatures as in a fire. Further, even if with a low
specific gravity, the molded boards of the invention have
great mechanical strength and morevoer, a degree of
strength sufficient for use even if they have low specific
gravity of about 0.3 g/cm3. Further, the molded boards of
the invention are so homogeneous also in the direction of
plane that not only the boards of 20 mm or more thickness
but also those of less than 20 mm thickness have high
shape rententivity and are not apt to warp or shrink
during drying or storage.

‘ The molded boards of calcium silicate according
to the invention can be produced by forming into thin
sheets an aqueous slurry comprising secondary particles of
calcium silicate crystals, a fibrous material, a polymer
and a coagulant, superposing a plurality of the thin
sheets in layers, and press-molding and drying.

The secondary particles of calcium silicate
crystals for use in the invention can be prepared by the
methods disclosed in, for example, Japanese Examined
Patent Publication No.12526/1978 and Japanese Unexamined
Patent Publication No.146997/1978, more specifically by

heating an aqueous slurry comprising a siliceous material
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and a calcareous material with stirring under an elevated
pressure in an autoclave to undergo a hydrothermal
synthesis reaction. The calcium silicate crystals which
constitute the secondary particles include xonotlite
crystals, wollastonite crystals and tobermorite

crystals. The calcium silicate crystals composing the
molded boards of the invention can be of a single kind or
a mixture of at least two kinds of them. It is desirable
that xonotlite crystals be used in a predominant amount
among the calcium silicate crystals from the viewpoints of
the strength and heat resistance of the resulting molded
boards.

Starting materials for producing the calcium
silicate crystals can be any of those heretofore known.
Useful siliceous materials include, for example, natural
amorphous silicic acid, siliceous sand, silica gel, silica
flour (such as ferrosilicon dust, etc.), ash of chaff and
stalks of grasses (ash of chaff of rice plant, barley or
the like), white carbon, diatomaceous earth, silicas
obtained by reacting an aluminum hydroxide with the
hydrosilicofluoric acid produced as a by-product in a wet
process for preparing a phosphoric acid, etc. Examples of
useful calcareous materials are quick lime, slaked lime,
carbide residuum, cement, etc. These siliceous and

calcareous materials are usable singly or at least two of
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them can be used in mixture. The mole ratio of the
calcareous material to the siliceous material can be
suitably determined depending on the kind of calcium
silicate crystals to be produced. The Ca0/SiO, mole ratio
is between about 0.8 and about 1.3 in synthesis of
xonotlite crystals and between about 0.7 and about 0.9 in
synthesis of tobermorite crystals. The amount of water
which is used in preparation of a starting slurry by
adding water to said materials is about 5 times or more,
preferably about 10 to about 50 times, the weight of the
solids of the starting slurry. The starting slurry thus
obtained is then subjected to a hydrothermal synthesis
reaction with stirring, thereby producing secondary
particles of calcium silicate crystals. Preferred
reaction conditions are as follows. The reaction is
conducted under a saturated aqueous vapor pressure of
about 8 kg/cm2 or more, preferably about 10 to about 20
kg/cmz, for formation of xonotlite crystals, or about 4
kg/cm2 or more, preferably about 5 to about 10 kg/cmz, for
formation of tobermorite crystals. The reaction time
ranges from about 1 to about 8 hours.

When the secondary particles of xonotlite
crystals obtained by the hydrothermal synthesis reaction
are further baked to about 1000°C, the crystals

constituting the secondary particles can be converted
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to g-wollastonite crystals without change of the shape
(secondary particles). The secondary particles of such
wollastonite crystals can be also used in the invention.

A fibrous material, a polymer and a cocagulant
are added to the aqueous slurry of secondary particles of
calcium silicate crystals according to the invention.
FPibrous materials for use in the invention can be any of
usual organic and inorganic fibers. Useful organic fibers
include not only woody fibers such as cotton but also
cellulosic fibers such as wood pulp, waste paper pulp,
knots residuum, flax, shredded straws, rayon and the like,
and synthetic fibers such as polyamide, polyester,
vinylon, rayon, aramid, polyolefin and the like.
Illustrative of useful inorganic fibers are asbestos,
rockwool, slag wool, glass fibers, silica fibers, alumina
fibers, ceramic fibers, carbon fibers, inorganic whiskers
and the like. These fibrous materials are usable singly
or at least two of them can be used in mixture. The
amount of the fibrous material used can be as small as
about 2 to about 30% by weight based on the solids of
aqueous slurry containing the fibrous material. According
to the invention, the use of a predominant amount of
calcium silicate crystals results in production of molded
boards of great strength and renders the aqueous slurry

suitable for formation into sheets, facilitating the
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production of desired molded board. A preferred amount of
fibrous material used is about 5 to about 15% by weight.

Polymers useful in the invention are, for
example, acrylic resins, acrylate copolymers, styrene-
acrylate copolymers, vinyl acetate resins, ethylene-vinyl
acetate copolymers, vinyl chloride resins and like vinyl-
type polymers, natural rubbers, styrene-butadiene
copolymers (SBR), carboxyl group-containing styrene-
butadiene copolymers, acrylonitrile-butadiene copolymers,
chloroprene polymers and like synthetic rubbers, phenolic
resins, melamine resins and like thermosetting resins and
so on. Of these polymers, desirable are acrylate
copolymers, styrene-acrylate copolymers, ethylene-vinyl
acetate copolymers, carboxy-modified SBR, chloroprene
polymers and phenolic resins among which phenolic resins
are more preferred because they serve to give molded
boards retaining high incombustibility and having great
strength and excellent workability, dimensional stability
and abrasion resistance. These polymers are usable singly
or at least two of them can be used in mixture.

The amount of the polymer used can be selected
over a wide range according to the application of a
desired molded board. An increased amount of the polymer
used provides the molded board with greater strength and

higher workability but lowers the characteristics of
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calcium silicate molded boards such as incombustibility,
heat resistance and the like. Usually the amount of the
polymer is about 3 to about 20% by weight based on the
solids of the aqueous slurry. About 3 to about 8% by
weight of the polymer is used when high combustibility is
required. When a phenolic resin is used as the polymer,
the incombustibility would not be reduced even by use of
the resin in a large amount relative to the solids of the
slurry. Consequently molded boards of great strength and
incombustibility can be obtained even by use of large
amount of phenolic resin. Further the use thereof gives
molded boards of outstanding workability. A suitable
amount of phenolic resin used is in the range of 3 to 30%
by weight, preferably 10 to 20% by weight, based on the
solids of the slurry. The polymer is used in the form of
an agqueous emulsion or agqueous latex when incorporated
into a slurry of calcium silicate crystals.

The coagulant to be used conjointly with the
polymer in the invention serves to enlarge, strengthen and
stabilize the flock in the slurry and to enhance the
filtering property of the aqueous slurry to be formed into
thin sheets. Useful coagulants can be any of those
hefetofore known and including, for example, cationic
coagulants, anionic coagulants and nonionic coagulants.

Examples of useful cationic coagulants are
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cationic macromolecular coagulants such as
polyethyleneimine, dialkylamine-epichlorohydrin
polycondensate, polyamideamine-epichlorohydrin modified
product, cationic polyacrylamide and the like, and
cationic inorganic coagulants such as aluminum
polychloride, aluminum sulfate, sodium aluminate, ferrous
sulfate, ferric sulfate, ferric chloride and the 1like.
Specific examples of anionic coagulants are ammonium
polyacrylate, sodium polyacrylate and like polyacrylates,
acrylamide—-acrylic acid copolymers and like macromolecular
coagulants. Exemplary of useful nonionic coagulants are
polyacrylamide, polyethylene oxide and like macromolecular
coagulants. Of these coagulants, desirable are cationic
macromolecular coagulants having a molecular weight of
about 3,000,000 to about 5,000,000, anionic macromolecular
coagulants having a molecular weight of about 3,000,000 to
about 10,000,000 and nonionic macromolecular coagulants
having a molecular weight of about 3,000,000 to about
10,000,000. PFurther said anionic macromolecular
coagulants have preferably an ionic strength of 1.5 meqg/g
or less. The ionic strength is given by an equation shown
below. The neutralization equivalent in the equation is
obtained by adding a specific amount of methylglycol
chitosan (cationic reagent) to an agueous solution of

anionic macromolecular coagulant, controlling the pH of
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the mixture to 10, adding Toluidine Blue as an indicator
to the mixture and titrating the mixture with an aqueous
solution of polyvinyl potassium sulfate (anionic reagent).

Neutralization equivalent

Ioni t th =
onic streng (mea/g) Solids of anionic coagulant

The amount of the coagulant used is, based on
the solids of the aqueous slurry, about 0.05 to about 1.0
% by weight when using a cationic macromolecular
coagulant, or about 0.05 to about 1.0% by weight when
using an anionic macromolecular coagulant or a nonionic
macromolecular coagulant, or less than about 1.5% by
weight in the combined amount of these two coagulants when
conjointly using them. The coagulant used can improve the
filtering property of solids of the slurry, making it
possible to form thin sheets with high efficiency and to
produce a molded board of great strength.

Further, various properties of a calcium
silicate molded product can be improved by adding
additives to the slurry prior to molding. For example,
the molded product may contain gypsum or cement to improve
the mechanical strength; aluminum hydroxide, natural
wollastonite or clay to enhance the heat resistance; a
coloring agent to provide a color; and a carbonaceous
substance, carbide, nitride, silicide, metallic oxide or
the like to improve the heat insulation properties.

Examples of useful carbonaceous substances are active
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carbon, charcoal, coal, carbon black, graphite, etc.
Examples of useful carbides are silicon carbide, boron
carbide, titanium carbide, etc. Examples of useful
nitrides are silicon nitride, titanium nitride, etec.
Examples of useful silicides are calcium silicide, etc.
Illustrative of metallic oxides are iron oxides, titanium
oxides, tin oxides, manganese oxides, zirconium oxides,
ilmenite, zircon, chromite, cerium oxides, lanthanum
oxides, yttrium oxides, neodymium oxides, etc.

For producing the molded board of the invention,
an aqueous slurry of secondary particles of calcium
silicate crystals is prepared first. The aqueous slurry
can be prepared by subjecting a calcareous material and a
siliceous material to a hydrothermal synthesis reaction as
described hereinbefore, or by dispersing in water the
secondary particles of calcium silicate crystals prepared
for this purpose. To the aqueous slurry are added a
fibrous material, a polymer and a coagulant. The amounts
of these components used are accommodated to the desired
contents thereof, calculated as the solids, in the board.

Then thin sheets are formed from the agueous
slurry comprising the secondary particles of calcium
silicate crystals, fibrous material, polymer and
coagulant. In formation of thin sheets, it is desirable

to adjust the solids concentration of the slurry to about



10

15

20

25

0321 583

_15_

0.2 to about 3% by weight.

Thin sheets are formed by any of continuous
methods (cylinder-type, Fourdrinier-type, short wire-type
or the like) and batchwise methods (CTC method, Chapman
method or the like). A plurality of thin sheets thus
formed are superposed over one another into a laminated
sheet. The laminated sheet is cut by a cutter when so
required and press-molded to a predetermined thickness
with heating while being dried. While molding and drying
can be consecutively performed, it is preferred to press-
mold and dry the sheets at the same time with a hot press
or the like with heating. A suitable heating temperature
is about 120 to about 200°C and an adeqguate molding
pressure is about 10 to about 100 kg/cmz.

When a phenolic resin is used as the polymer, it
is desirable to conduct hot pressing at a heating
temperature of about 160 to about 200°C under a molding
pressure of about 10 to about 100 kg/cmz. The phenolic
resin is cured during hot pressing.

The press-molding of superposed thin sheets
causes the secondary particles of calcium silicate
crystals in each thin sheet to become interconnected with
one another directly and through the polymer adsorbed on
the secondary particles with the result that each thin

sheet is strengthened while the laminated thin sheets are
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united with one another by the secondary particles of
calcium silicate crystals and the polymer present on the
surface of each thin sheet, giving a molded board of great
strength with the thin sheets firmly united with one
another into a integral body. The layers constituting the
molded board of the invention are integrally firmly
adhered to one another by the secondary particles of
calcium silicate crystals and the polymer adsorbed on the
secondary particles. A preferable molded board of the
invention, for example, even immersed in water at 20°C for
24 hours would cause no peeling, show only a slight
reduction in bending strength and remain high in
dimensional stability.

Each of thin sheets constituting the board of
the invention has a thickness of about 2 mm or less,
preferably about 0.2 to about 1.0 mm. The board of the
invention is composed of a plurality of said thin sheets,
more specifically 3 to 200 thin sheets, superposed and
united into an integral body. The molded board of the
invention even with a large thickness is homogeneous
therethrough and has high bending strength. Thus
according to the invention, it is possible to obtain a
thick board of 20 mm or more thickness with great
strength. Further because of high homogeneity also in the

direction of plane, a molded board having a thickness of



10

15

20

25

0321583

_17...

20 mm or less, or even a thickness of about 1 to about 15
mm, conventionally considered difficult to produce, can be
produced according to the invention with substantially no
warping nor contraction occurring during drying.
Examples

The present invention will be described below in
greater detail with reference to Preparation Examples and
Examples in which parts and percentages are all by weight
unless otherwise specified.

Reference Example 1

A starting slurry was prepared by adding 49
parts of quick lime slaked with hot water at about 85°C
and 51 parts of silicic acid powder (Ca0/Si0, mole ratio
of 1.0) to water in 12 times the amount of the solids.
The starting slurry was subjected to a hydrothermal
synthesis reaction under a pressure of 15 kg/cm2 with
stirring for 4 hours, giving an aqueous slurry of
secondary particles of xonotlite crystals.

Examples 1 to 5

To 90 parts (solids) of the aqueous slurry of
secondary particles of xonotlite crystals obtained in
Reference Example 1 were added a predetermined amount of a
fibrous material selected from glass fibers, pulp and
ceramic fibers and a predetermined amount (solids) of an
emulsion of acrylic resin. Water was added to adjust the

slurry to a concentration of 2.0 %. To the slurry were



16

0321583

_18_

added 0.2 part of a cationic macromolecular coagulant and
0.1 part of an anionicrmacromolecular coagulant, and the
resulting mixture was adjusted with water to a
concentration of 1.0 %.

The thus obtained slurry was formed into thin
sheets (weighing 180 g/mz) with use of a tapping test
machine., The sheets were superposed over one another, and
simultaneously press-molded and dried with a hot press at
120 to 150°C, giving a 12 mm-thick molded board of calcium
silicate according to the present invention.

Table 1 shows the amount of the components,
suitability for forming into thin sheets, number of

laminated thin sheets and properties of the molded board.
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The following is a notation of components used
in Table 1.
Ceramic fiber: "S-Fiber" (trade name), product of Shin-
Nittetsu Kagaku K.K.
Acrylic resin: "Boncoat SFC-300" (trade name), product of
Dainippon Ink And Chemicals Inc.
Cationic coagulant: "Sunfloc C-009P" (trade name), product
of Sanyo Kasei Kogyo Co., Ltd.
Anionic coagulant: "Sunfloc AH—210P" (trade name), product
of Sanyo Kasel Kogyo Co., Ltd.
Properties of the molded products in the list
were determined By the following methods.
1) Density, bending strength and thermal linear shrinkage
percentage
These properties were determined according to
JIS A 9510. The thermal linear shrinkage percentages are
those obtained by heating for 3 hours at 1000°C.
2) Incombustibility
This property was determined according to Notice
No. 1828 of Ministry of Construction, Japan, and the
result was evaluated according to the following criteria.
A: Acceptable as incombustible
B: Acceptable as almost incombustible
C: Rejected for not being incombustible
3) Workability

The molded products were nailed, sawed, planed,
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carved or modeled (grooved) and otherwise tested. The
workability was evaluated according to the following
criteria as compared with the results obtained by testing
wood for workability.

A: Good

B: Fair

C: Poor
4) Water resistance

The water resistance was evaluated according to

the following criteria in terms of the bending strength
and dimensional stability determined after immersion in

water for 24 hours (20°C).

A: Good
B: Fair
C: Poor

5) Resistance to freezing and thawing
This property was determined according to JIS A
5108 (10 cycles), and the result was evaluated according
to the following criteria.
A: Good
B: Fair
C: Poor
6) Suitability for forming into sheets
The property was evaluated according to the
following criteria in terms of the filtering property and

the strength of the thin sheets.
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A: The filtering property and the strength of the sheet
were satisfactory and thin sheets were smoothly formed.

B: A slight difficulty was encountered in filtration,
and the formation of thin sheets took a considerable time.

C: Thin sheets failed to be formed due to the poor
strength.
7) Nail-retaining ability

According to JIS 2 2121.

A: Good
B: Fair
C: Poor

8) Screw-retaining ability

A: Good
B: Pair
C: Poor

Example 6

The molded board of the present invention was
produced in the same manner as in Example 2 with the
exception of using a carboxy-modified styrene-~butadiene
copolymer (trade name "Nipol LX-430", product of Nippon
Zeon Co., Ltd.) in place of acrylic resin. Properties of

the molded board are shown below.
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Table 2

Example 6
Density (g/cm3) 0.60
Bending strength (kg/cmz) 220
Thermal linear shrinkage
percentage (%) 1.2
Incombustibility A
Workability A
Water resistance A
Resistance to freezing
and thawing A
Nail-retaining ability A
Screw-retaining ability A

Example 7

The molded board of the invention was produced
in the same manner as in Example 1 except that a latex of
chloroprene polymer (trade name "Neoplene 115", product of
Showa Neoplene Co., Ltd.), and an emulsion of styrene-
acrylate copolymer (trade name "OLX-2153", product of
Showa Highpolymer Co., Ltd.) were used in amounts of 3
parts and 1.5 parts, calculated as solids, respectively in
place of acrylic resin and that the laminate consisted of
37 thin sheets. Shown below are properties of the

obtained board.



10

15

20

25

0 321 583

- 25 —
Table 3

Example 7
Density (g/cm3) 0.60
Bending strength (kg/cmz) 198
Thermal linear shrinkage
percentage (%) 1.2
Incombustibility A
Workability A
Water resistance A
Resistance to freezing
and thawing A
Nail-retaining ability A
Screw-retaining ability A

Examples 8 to 11

To the aqueous slurry of secondary particles of
xonotlite crystals obtained in Reference Example 1 were
added glass fibers, pulp, specific resins and then an
anionic coagulant. The mixture was adjusted with water to
a concentration of 1.0 %.

The thus obtained slurry was formed into thin
sheets (weighing 180 g/mz) with use of a Fourdrinier-type
forming device. The sheets were superposed over one
another, and press-molded and dried at the same time with
a hot press at 120 to 170°C, giving a 12 mm-thick board of

calcium silicate according to the invention. Table 4
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below shows the results.
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Examples 12 to 18

Specific fibers and a styrene-acrylate copolymer
were added to the aqueous slurry of secondary particles of
xonotlite crystals obtained in Reference Example 1,
followed by addition of specific coagulants. The mixture
was adjusted with water to a concentration of 1.0 %.

The thus obtained slurry was made into thin
sheets (weighing 180 g/mz) using a FPourdrinier-type
forming device. The sheets were superposed over one
another and simultaneously press-molded and dried with a
hot press at 160 to 170°C, giving a 12 mm-thick board of
calcium silicate according to the invention. Table 5

below shows the results.
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Example
12 13 14
Amount of components
(part by weight)

Xonotlite secondary particles 86.7 86.7 90.7
Pulp 5 5 0
Glass fiber 5 5 5
Carbon fiber 1) - - 1
Bramid fiber 2) - - -
Styrene acrylate copolymer

3) 3 3 3
Cationic coagulant 4) 0.2 - -
Anionic coagulant 5) 0.1 0.3 0.3
Nonionic coagulant 6) - - -
Suitability for forming
into sheets A A A

Note: 1) Carbon fiber: "Kureka chop C-110T" (trade
of Kureha Chemical Industry Co., Ltd.

name), product

2) Aramid fiber: "Technora T-320" (trade name), product of

Teijin Limited
3) Styrene acrylate: "OLX 2153" (trade name),
product of Showa Highpolymer Co., Ltd.

4) Cationic coagulant: "Sunfloc C-009P" (trade name),

product of Sanyo Kasei Kogyo Co., Ltd.

5) Anionic coagulant: "Sunfloc C-009P" (trade name),

product of Sanyo Kasei Kogyo Co., Ltd.

6) Nonionic coagulant: "Sunfloc N-505P" (trade name),

product of Sanyo Kasei Kogyo Co., Ltd.
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Table 5 (continued)

Example
12 13 14
Properties of molded product

Thickness (mm) 12 12 12
Number of laminated sheets (number) 27 27 27
Density (g/cm3) 0.39 0.39 0.40
Bending strength (kg/cmz) 100 95 110
Thermal linear shrinkage percentage(%) 1.1 1.1 1.0
Incombustibility A A A
Workability A A A
Water resistance A A A
Resistance to freezing and thawing A A A
Nail-retaining ability A A A
Screw-retaining ability A A A
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Table 5 (continued)

Example
15 16 17 18
Amount of components
(part by weight)

Xonotlite secondary particles 90.7 87.7 87.7 87.7
Pulp - - - -
Glass fiber 5 5 5 5
Carbon fiber - - - -
Aramid resin 1 - - -
Styrene acrylate copolymer 3 6 6 6
Cationic coagulant - - - -
Enionic coagulant 0.3 0.3 - -
Nonionic coagulant - - 0.3 0.3

Suitability for forming
into sheets A A A A
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Table 5 (continued)

Example
15 16 17 18
Properties of molded product

Thickness (mm) 12 12 12 12
Number of laminated

sheets (number) 27 27 27 21
Density (g/cm3) 0.40  0.40 0.40 0.30
Bending strength (kg/cmz) 113 105 103 56
Thermal linear shrinkage

percentage (%) 1.1 1.2 1.2 1.6
Incombustibility A A A A
Workability A A A A
Water resistance A A A A
Resistance to freezing

and thawing A A A A
Nail-retaining ability A A A A

Screw-retaining ability A A A A
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Example 19

Thin sheets were produced in the same manner as
in Example 8. The thin sheets were superposed over one
another, and simultaneously press-molded and dried with a
hot press at 160 to 170°C, giving a 40 mm-thick board of
calcium silicate (135 thin sheets laminated) according to

the invention. Table 6 below shows the results.

Table 6
Example 19

Density (g/cm3) 0.60
Bending strength (kg/cmz) 150
Thermal linear shrinkage
percentage (%) 1.1
Incombustibility A
Workability A
Water resistance A
Resistance to freezing
and thawing A
Nail-retaining ability A
Screw-retaining ability A

To check the homogeneity of density, the
obtained molded product was divided into 5 pieces in the
direction of thickness. Then the density of each piece
was determined. The top and bottom pieces had a density

of 0.592 g/cm3, and the other 3 pieces had a density of
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from 0.611 to 0.612 g/cm3.
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CLAIMS:

1. A molded board of calcium silicate
characterized in that the board is a laminate of a
plurality of thin sheets, each of the thin sheets having a
thickness of 2 mm or less and comprising secondary
particles of calcium silicate crystals, a fibrous
material, a polymer and a coagulant, the polymer and the
coagulant being adsorbed on the surface of secondary
particles; that the secondary particles are interconnected
with one another directly and via the polymer adsorbed on
the secondary particles; and that the laminated thin
sheets are firmly united with one another into an integral
board by the secondary particles of calcium silicate
crystals and the polymer both present on the surface of
the sheets.

2. A molded board according to claim 1 wherein
the polymer is at least one member selected from the group
consisting of acrylate copolymers, styrene-acrylate
copolymers, ethylene-vinyl acetate copolymers, carboxy-
modified styrene-butadiene copolymers, chloroprene
polymers and phenolic resins.

3. A molded board according to claim 2 wherein
the polymer is a phenolic resin.

4. A molded board according to claim 1 wherein
the calcium silicate crystals are tobermorite crystals,

xonotlite crystals and/or wollastonite crystals.
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5. A molded board according to claim 1 wherein
the coagulant is a macromolecular one.

6. A molded board according to claim 5 wherein
the macromolecular coagulant is a cationic macromolecular
coagulant, anionic macromolecular coagulant or nonionic
macromolecular coagulant.

7. A process for producing a molded board of
calcium silicate, the process comprising the steps of
forming thin sheets from an agqueous slurry comprising
secondary particles of calcium silicate crystals, a
fibrous material, a polymer and a coagulant, superposing a
plurality of the obtained thin sheets in layers and press-—
molding and drying the layers.

8. A process according to claim 7 wherein the
polymer is at least one member selected from the group
consisting of acrylate copolymers, styrene-acrylate
copolymers, ethylene-vinyl acetate copolymers, carboxy-
modified styrene-butadiene copolymers, chloroprene
polymers and phenolic resins.

9. A process according to claim 8 wherein the

polymer is a phenolic resin.



0321583

PCT/J»88/00630

IKTERNATIONAL SEARTH REPORT

Intarrational Applicat.an No

1. CLASSIFICATION OF SUBJECT MATTER (if severzi! classification symbols apply, indicate ail) 3

According to International Patent Classification (IPC) or to both National Classification and IPC

tne.c1? D21H5/00, D21H3/78, C04B28/18

il. FIELDS SEARCHED

Minimum Documentation Searched *

Classification System ! Classification Symbois

D21HS5/00, D21H3/78, C04B28/18,
B28B13/00-13/02

IeC

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Fields Searched *

1929 - 1988
1971 - 1988

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

1. DOCUMENTS CONSIDERED TO BE RELEVANT ?

Category * N Citation of Document, ! with ind’cation, where appropriate, of the relevant passages 2 Relavant to Claim No. -3
A JP, A, 52-15516 (Nissin Chemical Industry 1-9
Co., Ltd.)
5 February 1977 (05. 02. 77)
(Family: none)
A JP, A, 54-160428 (Japan Synthetic Rubber 1-9
Co., Ltd. and one other)
19 December 1979 (19. 12. 79)
(Family: none)
A SP, A, 60-264355 (Kabushiki Kaisha 1-9
Osaka Packing Seizosho and one other)
27 December 1985 (27. 12. 85)
(Family: none)
A JP, A, 62-173053 (Ube Industries, Ltd.) 1-9
4 June 1987 (04. 06. 87)
(Family: none)
* Speciat categories of cited documents: *? “T" later document published after the international filing date or

prionty date and not in cantlict with the application but cited to

“A4” document defining the general state of the art which is not
considered ‘o be of particular relevance

‘" earher document but published on or after the international
filing cate

“L' document which may throw doubts on pnority claim(s) or
which (8 cited to establish the publication date of another
citation or other special reason (as specitied)

“O" document referring to an oral disclosure, use. exhibition or
sther means

“P"  cocument published prior to the international filing date but
‘ater than the prionty date ciaimeg

understand the principle or theory undertying the invention

“X" document of particular relevance: the claimed invention cannot

be considered novel or cannot be considered tQ invoive an
invenlive step

“y" document of particuiar reievance: the claimed invention cannot

be considered to involve an inventive step when the document
18 combtned with one or mors other such documents, such
combination being obvious to a parson skilled in the art

‘8" document member of the same patent family

Y. CERTIFICATION

o ia of the Actual Completion of the Internationa! Search

September 5, 1988 (05. 09. 88)

Date of Mailing of this International Search Report

September 19, 1988 (19.09. 88)

i~rgrnational Searching Authonty

Caranese Patent Cffice

Signature of Authorized Officer

n

cm =TT OSA 1) sacuord srtent




	bibliography
	description
	claims
	search report

